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ABSTRACT
Background Early detection of abnormal weight gain in childhood may be important for preventive
purposes. It is still debated which annual changes in BMI should warrant attention.
Aim To analyse 1-year increments of Body Mass Index (BMI) and standardised BMI (BMI SDS) in child-
hood and explore conditional change in BMI SDS as an alternative method to evaluate 1-year changes
in BMI.
Subjects and methods The distributions of 1-year increments of BMI (kg/m2) and BMI SDS are summar-
ised by percentiles. Differences according to sex, age, height, weight, initial BMI and weight status on
the BMI and BMI SDS increments were assessed with multiple linear regression. Conditional change in
BMI SDS was based on the correlation between annual BMI measurements converted to SDS.
Results BMI increments depended significantly on sex, height, weight and initial BMI. Changes in BMI
SDS depended significantly only on the initial BMI SDS. The distribution of conditional change in BMI
SDS using a two-correlation model was close to normal (mean ¼ 0.11, SD ¼ 1.02, n¼ 1167), with 3.2%
(2.3–4.4%) of the observations below 2 SD and 2.8% (2.0–4.0%) above þ2 SD.
Conclusion Conditional change in BMI SDS can be used to detect unexpected large changes in BMI
SDS. Although this method requires the use of a computer, it may be clinically useful to detect aberrant
weight development.
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Early detection of abnormal weight gain is of importance for
the prevention of overweight. Therefore, identifying aberrant
changes in BMI should optimally be included in routine clin-
ical care. Similar strategies have been evaluated also for
height in relation to short stature (Grote et al., 2008; Oostdijk
et al., 2009) and Turner syndrome (Saari et al., 2012).
Cross-sectional BMI charts with sex and age-adjusted cut-
offs for overweight and obesity serve in many countries as
guidelines for referral of obese children (Cole et al., 2000).
However, the shortcomings of a single BMI as a measure of
body composition are well known (Freedman & Sherry, 2009;
Freedman et al., 2008; Prentice & Jebb, 2001) and it has been
questioned which change in BMI should warrant attention. A
US expert committee concluded that for most children an
annual gain of 3–4 kg/m2 in BMI probably reflects a rapid
increase in body fat (Barlow & Dietz, 1998) and, in a study
from Japan, an annual change in BMI SDS of 2 standard devi-
ations (SD) was proposed as an indicator of a rapid increase
in body fat (Inokuchi et al., 2011). This was equivalent to 1–2
BMI kg/m2/year in younger children and 2–3 BMI kg/m2/year
in older children.
Appropriate information on changes over time can only be
obtained from longitudinal references like velocity charts or
increments by age (Cole, 1998). Two common methods for
assessing change in growth over time are: (1) velocity on the
measurement scale (e.g. cm/year) and (2) velocity on the SDS
scale (change in SDS over time). Velocity on the measurement
scale is a straightforward parameter, but normal limits
depend on age and interval between measurements. Change
in SDS over time (Inokuchi et al., 2011) is a more flexible
approach, but it assumes tracking along percentiles and has
been shown to be biased (Cole, 1998). However, in the cur-
rent paper we explore a third method, conditional change in
SD scores, which is comparable to velocity on the SD scale,
but also takes the SDS of the first measurement into account
(Cole, 1998; Healy, 1974). This method corrects for regression
to the mean and has been shown to be unbiased.
Conditional growth based on the correlation between longitu-
dinal measurements has been validated for weight in the UK
(Cole, 1998) and for length, height, weight and head circum-
ference in Belgium (Roelants, 2013). To our knowledge, condi-
tional change in BMI SDS has not been published before in
the framework of monitoring overweight. Equivalent norms
for the conditional change in BMI SDS could potentially serve
as a supplement to single BMI cut-offs and give guidance
about unexpectedly large changes in BMI compared to a
child’s peers.
The aims of this work were to analyse 1-year BMI incre-
ments in Norwegian children and adolescents and to
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validate conditional change in BMI SDS as an alternative
approach to detect abnormal weight gain beyond infancy.
Subject and methods
Subjects and measurements
The Bergen Growth Study (BGS) is a cross-sectional growth
study conducted in the city of Bergen, Norway, including
8299 children from 0–19 years of age. Children were recruited
in a random selection of well-baby centres, kindergartens and
schools. Data from the BGS formed the basis for the current
national growth references for Norwegian children and have
been described in detail previously (Juliusson et al., 2013). A
sub-set of children who participated in the BGS were invited
for a second measurement of height and weight 1 year after
the initial measurement. For the present study, a second
measurement of weight and height was available for 1167
children (576 boys, 591 girls) between 6–14.99 years of age
and free from any known condition that might affect growth.
The time between measurements was 1 year (range ¼
0.98–1.09), except for one boy with an interval of 1.79 years
and one girl with an interval of 1.62 years. These were not
excluded, as BMI increments were adjusted for time. Mean
and SD of height, weight and BMI by age and sex in the sub-
set were comparable to that in the total reference sample.
Statistical analysis
The BMI was calculated from measured height and weight as
weight/height2 (kg/m2), and converted to SDS using the
national BMI reference (Juliusson et al., 2013). Annual BMI incre-
ments on the measurement scale (DBMI) were obtained by sub-
tracting the BMI of the first measurement from the BMI of the
second measurement and scaled to exactly 1 year by dividing
by the time between both measurements. The change in stand-
ardised BMI was not adjusted for the measurement interval.
The distribution of BMI increments by age was summarised
by calculating raw percentiles within age groups. Differences
between sexes and between weight categories (normal weight
including underweight, vs overweight including obese) were
tested within age groups with a t-test. Children were grouped
by age at last birthday (6: 6.00–6.99 years, etc.).
Weight status was determined by the IOTF age and sex-
specific cut-offs for the BMI as underweight (BMI < 18.5 kg/
m2), normal weight (BMI 18.5–25 kg/m2), overweight (equiva-
lent to adult BMI  25 kg/m2) and obesity (equivalent to adult
BMI 30 kg/m2) (Cole et al, 2000).
The effects of sex, age, weight, height, BMI and weight sta-
tus on the BMI and BMI SDS increments were analysed with
linear regressions. Results are expressed as unstandardised
regression coefficients with 95% confidence interval. Results
are given for simple (unadjusted) linear regression models for
each independent variable separately, fully adjusted multiple
linear regression models including all variables and a final
(adjusted) model that includes only significant predictors,
selected by a backward stepwise procedure. For multiple
regression models, the coefficient of determination (R2) is
reported.
The conditional change in BMI SDS was calculated using
the Pearson correlation coefficient between the first and
second BMI SDS within age groups. Data from boys and girls
were combined as the correlations by age were highly com-
parable in both sexes. Based on these annual correlations we
decided to split the dataset in two parts (6–11 years and
12–15 years) and use a single correlation coefficient (r) for
each age group. The conditional expected BMI SDS after 1 year
(BMI2 SDS) is obtained from the first measurement (BMI1





. By subtracting the expected value (BMI2 SDS)
from the observed BMI SDS after 1 year (BMI2 SDS) and divid-





), we obtain a conditional SDS, which is symmetrically
distributed around a mean of 0, has an SD of 1 and includes
95% of the observations between 2 and þ2 SD. The model
was validated by assessing these properties in our data.
IBM SPSS Statistics version 23 (IBM Corp 2013) was used
for descriptive statistics, t-tests and regression analysis and R,
version 3.1 (R Foundation for Statistical Computing) was used
for the conversion of measurements to SDS and calculation
and validation of conditional gains. A test probability of
p< 0.05 was considered statistically significant.
The study has been approved by the Regional Committee
for Medical Research Ethics and the Norwegian Data
Inspectorate. Written consent was obtained from the parents
of each participating child and above 12 years of age from
the child as well.
Results
BMI increments increased slightly with minor variations dur-
ing childhood and reached a peak by 13 years, followed by a
decrease in older children. In both sexes, 10% of the chil-
dren had negative annual BMI increments. The maximum dif-
ference between the smallest and largest BMI increments
within any age group was 2.6 kg/m2 in both girls and boys.
The mean change in BMI SDS (DBMI SDS) was close to 0,
with no particular tendency in different age groups, and the
difference between the 10th and the 90th percentile was
below 1 SDS, except in 13 year old girls, where this difference
was 1.15 SDS. Selected percentiles of 1 year increments of
BMI and BMI SDS are given in Tables 1 and 2.
BMI and BMI SDS did not differ significantly between boys
and girls within age groups, except at 8 years of age where
increments were higher in boys than in girls (mean difference
in BMI by 8 years ¼ 0.38 kg/m2, p¼ 0.004; and mean differ-
ence in BMI SDS ¼ 0.16, p¼ 0.003).
In the regression analysis of DBMI on the measurement
scale, sex (boys), height and BMI by first measurement influ-
enced DBMI positively, while weight influenced DBMI nega-
tively (Table 3). For DBMI SDS, only BMI SDS of the
first measurement remained significant in the final model
(Table 4).
Based on annual correlations between the BMI SDS of the
first and the second measurement (Figure 1), the correlation
coefficient in each age group was: r¼ 0.95 from 6–11 years
and r¼ 0.92 from 12–14 years. When the conditional gain in
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BMI SDS using this two-correlation model was validated, the
mean z-score (0.11, SD ¼ 1.02, n¼ 1167) was close to the
expected value of zero, although even this small difference
was statistically significant (p< 0.001); 3.2% (2.3–.4%) of the
observations were below 2 SD and 2.8% (2.0–4.0%) above
þ2 SD. The distribution of conditional gain SDS was symmet-
rical (Figure 2), but with heavier tails than expected. These
validation statistics did not improve when using three or
higher order correlation models (data not shown).
Discussion
In the present study we have analysed 1 year increment data
of childhood BMI and BMI SDS and proposed a two-correl-
ation model for conditional gain in BMI SDS.
We could not detect any statistically significant differences
in mean gain between boys and girls except in 8-year old
children and also the correlations between annual measure-
ments were highly comparable between sexes. This confirms
findings by other authors who could not detect sex differen-
ces, which were expected due to a different timing of
puberty (Demerath et al., 2006; Rogol et al., 2002; Siervogel
et al., 2000).
Although there was a tendency of increasing BMI incre-
ments up to 12–13 years in both sexes followed by a
decrease in the oldest age group, the increments were rela-
tively stable in the age range studied. We have previously
observed a higher prevalence of overweight and obesity
among 7–11 year old children (Juliusson, 2010) and we, there-
fore, expected larger changes during these years. One explan-
ation of these findings could be that overweight children are
temporarily taller than normal weight children (Stovitz et al.,
2008), so that the relationship between height and weight
does not change substantially, at least until height velocity
diminishes. The condition of overweight may also have been
developed before 6 years of age, leaving a less marked
change in BMI increments in older age groups.
From the regression analysis of DBMI, using non-standar-
dised anthropometric measures, we found that children with
a higher BMI had larger positive increments, although the
explained variance was low. Boys had somewhat larger incre-
ments compared to girls and height had a positive effect on
the change in BMI. The negative effect of weight on BMI
increments in the fully adjusted model could be influenced
by regression to the mean. When using standardised BMI
already adjusted for sex and age, only the BMI SDS of the first
measurement had a significant effect on DBMI SDS in the
final model and this was negative. This may also be an effect
of regression to the mean.
To our knowledge, conditional change in BMI SDS has not
been used before to detect large changes in BMI in order to
reduce the risk of developing overweight. Inokuchi et al.
(2011) described a very similar method, based on correlations,
but did this to estimate the variance of the unconditional
change in BMI SDS. This method does not account for regres-
sion to the mean and could, therefore, be biased. More
recently, a similar approach was used by Saari et al. (2015) to
detect weight loss as an early sign of coeliac disease in chil-
dren. Conditional change in BMI SDS offers an alternative way
of evaluating changes in BMI between two time points, pro-
vided that the correlation is known, and a matching growth
reference to convert the measurements to SD scores is avail-
able. An advantage of this approach is that the conditional
change in BMI SDS accounts for the starting position and
does not have to discriminate between light and heavy sub-
jects. The distribution of the conditional gain showed some-
what heavier tails compared to the standard normal
distribution and accordingly more observations were below –
2 SD and above þ2 SD. However, given that the distribution
is symmetrical and 94% of the observations were found
between 62 SD, we believe that this approach is meaningful
and may give guidance about the change in BMI SDS that is
typically observed in the majority of the population. This
offers a possibility to interpret how much a particular child’s
Table 1. One year increments of body mass index (DBMI) according to sex,




10 25 50 75 90
Boys
6 67 0.3 0.1 0.4 0.6 1.1
7 83 0.1 0.1 0.5 1.1 2.0
8 70 0.1 0.2 0.6 1.3 1.8
9 64 0.5 0.0 0.5 0.9 2.1
10 76 0.3 0.2 0.6 1.2 2.0
11 57 0.6 0.1 0.5 1.0 1.6
12 28 0.5 0.1 0.7 1.4 2.1
13 71 0.1 0.4 1.0 1.6 2.5
14 60 0.1 0.3 0.7 1.1 1.9
Girls
6 68 0.6 0.0 0.4 0.7 1.2
7 70 0.2 0.3 0.6 1.0 1.5
8 94 0.7 0.1 0.4 0.7 1.5
9 77 0.4 0.0 0.4 1.0 1.4
10 80 0.2 0.0 0.6 1.0 1.6
11 66 0.3 0.1 0.7 1.1 1.6
12 38 0.6 0.4 0.8 1.2 1.6
13 53 0.6 0.2 0.9 1.4 2.0
14 45 0.7 0.1 0.5 1.1 1.5
n, number; Age 6: 6.00–6.99, etc.
Table 2. One year increments of BMI SDS (DBMI SDS) according to sex, age
and percentile in a sample of 1167 Norwegian children between 2003–2007.
Sex/age n
DBMI SDS by percentiles
10 25 50 75 90
Boys
6 67 0.30 0.12 0.07 0.23 0.51
7 83 0.27 0.11 0.04 0.27 0.58
8 70 0.25 0.10 0.11 0.30 0.53
9 64 0.54 0.25 0.01 0.26 0.45
10 76 0.33 0.15 0.04 0.26 0.39
11 57 0.46 0.28 0.04 0.15 0.50
12 28 0.51 0.24 0.06 0.31 0.52
13 71 0.29 0.10 0.11 0.36 0.58
14 60 0.30 0.15 0.01 0.24 0.47
Girls
6 68 0.52 0.23 0.01 0.21 0.42
7 70 0.28 0.09 0.14 0.30 0.50
8 94 0.44 0.21 0.01 0.16 0.35
9 77 0.34 0.16 0.00 0.21 0.41
10 80 0.37 0.14 0.04 0.20 0.38
11 66 0.28 0.17 0.06 0.26 0.37
12 38 0.33 0.09 0.10 0.21 0.48
13 53 0.69 0.17 0.16 0.32 0.48
14 45 0.53 0.28 0.07 0.18 0.34
n, number; Age 6: 6.00–6.99, etc.
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gain in BMI differs from its peers. One example: A 12
year old boy has a BMI by first assessment (BMI1) of
18.66 (BMI1 SDS ¼ 0.28). After 1 year his BMI (BMI2) is
20.81 (BMI2 SDS ¼ 0.80). During 1 year he has changed
BMI by 2.15. Is this gain unusually large compared to his
peers? We calculate his conditional gain by using r¼ 0.92:
Expected BMI SDS after 1 year ¼ 0.92*0.28 (r*BMI1
SDS)¼ 0.26. The difference between observed BMI2 SDS
and expected is: 0.80 – 0.26¼ 0.54. His conditional change




¼ 1; 38, which is
above average, but still within the typical range defined
by 62 SD. This method (as the method by the US Expert
Committee (Barlow & Dietz, 1998) and the method from
Japan (Inokuchi et al., 2011), mentioned previously) gives
no information about body composition, but in most set-
tings outside a specialised obesity clinic there is often no
alternative assessment procedure. In these settings, infor-
mation on the change in BMI could be an important and
valuable addition to the actual BMI. Several studies have
shown that an upward trend in BMI is usually persistent
(Glavin et al., 2014). Conditional change in BMI SDS pro-
vides a framework to determine frequency based cut-off
values (analogous to for instance 62 SD for length). To
detect optimal cut-off, more data and preferably longitu-
dinal data are needed. Further studies are also needed to
investigate whether this method is useful as a guide for
early detection of the overweight risk, but we believe it
has potential and can be easily implemented in computer-
ised growth journals, flagging children with aberrant
changes in BMI. When a computer is not at hand, the
correlation coefficients can be used to provide a rough
guideline for assessing the unconditional change in BMI
SDS relative to a paper growth chart. The variance of the
unconditional change is 2*(1  r) and a typical range that
includes 95% of the population is, thus, given by 60.62
SD in 6–11 year old children and 0.78 SD in 12–14 year
old children. On a typical centile chart (with centiles
spaced 2/3rds of an SD apart), the former is slightly less
than one centile band; and the latter is slightly more than
one centile band. It should be noted that new correlation
studies must be done for other populations before decid-
ing which correlations coefficient to use in the population
studied.
A possible weakness of this study is the single (short) time
interval of 1 year. Expanding this to shorter and longer intervals
could increase the flexibility of this approach. Also, conditional
change in BMI SDS should be used cautiously in children that
have a high BMI at start, i.e. in children who are overweight or
obese. Cole et al. (2005) have previously analysed the change
in BMI SDS in a group of Italian pre-school children, including
some with a high initial BMI according to the Centres for
Disease Control BMI reference. They found that the variance of
the change in BMI SDS over time was lower in children with a
high BMI SDS, in which case the method of conditional change
proposed here is not valid. This apparent contradiction high-
lights an important, but known, condition, as well as a limita-
tion of conditional change based on the correlation between
SD scores. The condition is the need for a well matched growth
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and the limitation is that the method is not suitable for moni-
toring a group of children that are already overweight or
obese. Both problems are avoided if a recent local BMI refer-
ence is used to detect relatively large changes in BMI before
the onset of overweight or obesity. However, as pointed out by
Cole et al. (2005), conditional change in BMI is, for instance, not
suitable to monitor progress in weight reduction programmes.
In conclusion, 1 year BMI increments are higher for chil-
dren with higher BMI. Conditional change in BMI SDS is an
alternative method to evaluate BMI changes, which provides
more accurate information relative to a reference population.
Although further research is needed, we believe that this
method can serve as a ‘red light signal’ in computerised
growth journals to identify children with a relative large
increase in BMI compared to their peers and, thus, offer the
possibility of early intervention.
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